Calicotome villosa and Genista spachiana are classified as vulnerable in Tunisia and they are of great interest for the rehabilitation of degraded ecosystems, food for goats and camelids, and for the use of its essential oils in phytotherapy. The aim of this study was to examine the germination characteristics of both species through analysis of the effects of the salt stress and water stress on germination. We monitored and evaluated different germination characteristics (germination percentage, mean time to germination and germination speed) in the presence of the salt and water stress. Calicotome villosa and Genista spachiana can withstand salinity of up to 15 g/l of salt (31-37% germination at 15 g/l) and also tolerate large doses of PEG 6000 (30-40% germination at -1.6 MPa: Polyethylene glycol (PEG) is a hydrophilic polymer). The tolerance of the two species to salinity and water stress allows them to be a source of food for goats and camelids during drought.
INTRODUCTION
Tunisia is among the countries most seriously affected by desertification. Accounting for three quarters of the country (Le Houérou, 1959) , southern Tunisia is subdivided into: (i) the arid zone, which covers 5.5 × 10 4 km 2 with average annual precipitations between 100 and 350 mm, and (ii) the desert zone, which occupies an area of about 6.5 × 10 4 km 2 with an annual average rainfall less than 100 mm (PNUD/ FAO, 1979) . One of the promising options for restoration of decertified regions in southern Tunisia is to use native shrub and tree species that have multiple functions in the ecosystem. Several species of the legume family (Fabaceae) are of high interest due to their adaptation to arid and semiarid environments, nitrogen fixing capacity, and ability to grow in poor soils (Ibanez, Passera, 1997) . Legumes are of great importance worldwide, especially in countries with a Mediterranean climate like Tunisia, since they contribute to soil fertility and prevention of soil erosion. Several native species of legumes are potentially useful for rehabilitation of degraded ecosystems, food for goats and camelids, and dune stabilization and vegetation.
Calicotome villosa is very common in the Mediterranean area (Gibbs, 1968; Tutin, 1972) . It is a tall 50-150 cm spiny shrub that produces yellow flowers in spring. It grows especially in North Africa and Spain (Greuter et al., 1989 Khan, 2004) . Seed germination behaviour in relation to thermal and salt stress is a very important determinant of the colonization capacity of a species (Ungar, 1982 (Ungar, , 1995 . Tolerance to salinity during germination is critical for the establishment of plants growing in saline soil of arid regions (Khan, Gulzar, 2003; Ungar, 1995) . Increased salinity leads to a reduction and/or delay in germination of seeds of both halophytes and glycophytes. Failure of germination in saline soils often is a result of high concentrations of salts in the seed-planting zone because of the upward movement of the soil solution and subsequent evaporation at the soil surface. Seed germination under saline conditions occurs after high precipitation, when soil salinity is usually reduced due to leaching and dilution (El This study was conducted to better understand seed germination requirements of Calicotome villosa and Genista spachianna. The effects of a wide range of salinity and drought levels on the germination percentage, speed rate (velocity), and mean time to germination of three provenances of each species were studied to determine their individual effect and the interaction between these factors on germination.
MATERIALS AND METHODS

Plant Material
Seeds of Calicotome villosa were collected in 2013 from two natural habitats, namely Meknassi and Bouhedma, while seeds of Genista spachianna were collected from Rtiba. Seeds of the three provenances differ in morphology (Table 1) . Before the germination tests, damaged and insect-infected seeds were discarded, and the empty ones were eliminated using floatation in distilled water. Seeds were separated from fruits and soaked in water for 24 h. These seeds were sterilised with Benlate (1 g/l) for 20 min and then with 50% sodium hypochlorite for a few minutes and rinsed three times with distilled water.
Salinity and drought treatments
To determine the tolerance of germination under the salt stress, seeds were sown in NaCl solution at different concentration: 0 (distilled water), 3, 6, 9, 12, and 15 g of NaCl added to one litre of distilled water. The water-stress treatments used were 0 (control), -0.03, -0.1, -0.7, -1, and -1.6 MPa obtained by adding PEG 6000 to one litre of distilled water. Seeds were placed in sterile Petri dishes with two discs of filter paper saturated with distilled water for control and with NaCl solutions for treatments. NaCl solutions were renewed every 48 h under sterile conditions in order to avoid salt accumulation (Rahman et al., 2008) . Five replicates of 20 seeds each were used for each treatment with 10 ml of test solution. Seeds were allowed to germinate in relative humidity of 80% at 25 °C in complete darkness for 30 days (Maraghni et al., 2010) . A seed was considered to have germinated when the emerging radicle elongated to 2 mm (Redondo-Gomez et al., 2007).
Methods of germination expression
Mean time to germination (MTG) calculated as follows:
where "n" is the total number of germinated seeds during the test, "n i " is the number of germinated seeds on day "d i ", and "i" is the number of days during the germination period (between 0 and 30 days) (Yousheng, Sziklai, 1985) . Germination counts were performed daily for 30 days. Cumulative germination percentage (GP %) was evaluated daily and the final value was obtained after 30 days and Kotowski's coefficient (CV) was calculated according to this method:
where "n" is the total number of germinated seeds during the test, "Jn" is the number of days during the germination period (between 0 and 30 days).
Statistical analysis
Germination data were arcsine transformed before statistical analysis to ensure homogeneity of variance. Data were analysed using SPSS for Windows, version 11.5 (SPSS, 2002). A twoway analysis of variance (ANOVA) was carried out to test the effects of main factors (effect of salinity on the provenance and effect of drought on the provenance) and their interaction on the final germination percentage. Tukey HSD test was used to estimate significant differences between means.
RESULTS
Effects of salt stress on seed germination
Salinity significantly (P < 0.0001) affected the percentage of germination of Calicotome villosa and Genista spachianna ( Table 2) . Germination in distilled water was the highest. However, it decreased significantly with an increase in NaCl concentrations (Fig. 1) . Seeds germinated rapidly in distilled water during the first five days; however, germination was delayed to eight days at concentrations greater than 3 g/l. The highest germination percentage was in distilled water followed by 3, 6, 9, 12 and 15 g/l NaCl. There was a strong negative relationship between germination and salinity. The germination velocity calculated using the Kotowski coefficient showed that the rate decreased with an increase in salinity (Fig. 2) . The results of the ANOVA showed that the salt stress (NaCl treatments) had a significant effect (P < 0.001) on the germination percentage and on mean germination time (Table 3) .
Germination was significantly reduced by high NaCl levels and there were no great differences in the final germination percentage between 3 and 9 g/l, thus the germination percentage was reduced with increasing NaCl to levels above 12 g/l (Tukey's multiple test). A two-way ANOVA of the germination rate indicated a significant effect of salinity but not an interaction between species and salinity ( Table 3) .
Effects of osmotic potential on germination
Osmotic potential significantly (P < 0.001) affected the percentage of germination of Calicotome villosa and Genista spachianna (Table 4) , which was highest in distilled water. However, the germination percentage decreased significantly with an increase in osmotic potential. Seeds germinated rapidly in distilled water during the initial first days; however, the start of germination was delayed for 10 days at concentrations than 3 g/l (Fig. 3) . Delay in germination increased with increasing osmotic potential (Fig. 4) . The highest germination percentage was in distilled water followed by 0, -0.03, -0.1, -0.7, -1, and -1.6 MPa. However, at -0.03 MPa Calicotome villosa seeds from Meknassi had a germination rate higher than that at 0 MPa. There was a strong negative relationship between the germination percentage and the osmotic potential for both species. The Kotowski coefficient showed that the rate decreased with an increase in osmotic potential. For all three provenances to Calicotome villosa and Genista spachianna, the water stress (PEG) had a significant effect (P < 0.001) on the germination percentage, mean germination time (MGT) and the Kotowski coefficient (Table 4). The germination percentage and speed decreased with a decrease in water potential, this decrease was significant at lower -1 Mpa. The germination percentage for Calicotome seeds from Meknassi was the highest among all treatments (79 was at 0.03 MPa). Also, the germination percentage exceeded 50% at -1 MPa. A two-way ANOVA indicated a significant (Table 5) .
DISCUSSION
Salinity stress can affect seed germination through osmotic effects (Welbaum et al., 1990) and by ion-toxicity (Huang and Reddman, 1995) . More than 50% of the seeds of Calicotome villosa and Genista spachianna germinated at the lowest salinity stress (9 g/l) and at the lowest water potential (-1 MPa). This suggested that this species can germinate under low water availability. Other study demonstrated that even the seeds of such desert species as Ziziphus lotus at a germination rate of 5% at -1 MPa. (Maraghni et al., 2010) . Ibanez and Passera (1997) found that Anthyllis cystoides seeds germinated at -1.12 MPa (48%). Similar results were reported for other fabaceae species like Acacia tortilis which had no germinated seeds at -0.8 MPa (Jaouadi et al., 2010 ). This tolerance of water potential (-0.8 MPa) was also observed in other Fabaceae and desert species like Retama raetam (Youssef, 2009).
Generally, the salt stress affected the germination capacity and speed of Calicotome and Genista seeds, and these results agree with these of Lachiheb et al., (2004) . In our study, seed germination percentage was higher in NaCl than in PEG at the same water potential. He et al. (2009) , demonstrated that NaCl and PEG adversely affected germination, but NaCl had a less inhibitory effect on seed germination than an iso-osmotic solution of PEG. In contrast, Katembe et al. (1998) found that higher concentrations of NaCl (-1 MPa) were more inhibitory to germination of two Atriplex species (A. halunus and A. numelaria). Seeds of Calicotome villosa and Genista spachianna responded to salinity in two characteristic ways: first, germination was reduced, and second, at very low concentrations, germination was stimulated. Although higher salinity generally decreases germination, the detrimental effect of salinity is less severe at the optimum germination osmotic potential. The salt stress decreased both the rate and percentage of germination of Calicotome villosa and Genista spachianna, which agrees with several other studies revealing that halophytes, as well as glycophytes, are sensitive to salt during the germination stage (Ungar, 1995; Katembe et al., 1998; Khan et al., 2002; Gorai, Neffati, 2007; Gorai et al., 2011) . Considering the percentage of seeds that germinated at -1 MPa and 12 g/l, we conclude that these two fabaceae species are well adapted to germinate under conditions of water and salt stresses. These abiotic stresses are typical of the environments in which they grow. The arid lands of Tunisia are widely affected bydesertification caused particularly by the degradation of the vegetation cover, deforestation, and drought. The high ability of Calicotome villosa and Genista spachiana to germinate over a wide range of environmental conditions provides an opportunity to contribute to future reforestation programmes. Calicotome villosa seeds from Meknassi had a higher rate of germination at -0.03 MPa than at 0 MPa compared with non-stressed seeds. Seed germination percentage and the Kotowski coefficient generally decreases as soil water potential decreases (Evans, Etherington, 1990; Oberbauer, Miller, 1982) , either by drying or by higher salinity. By increasing water stress, similar results were found for germination of Diospyros texana seeds that decreased from about 95% at 0 MPa to 45% at -0.6 MPa (Everitt, 1984) . On the other hand, germination of three deciduous semi-shrubs of Artemisia was inhibited severely in PEG 6000 solutions at -1.2 MPa (Tobe et al., 2006 ). An increase in osmolality of PEG 6000 solutions results in decreasing both the percentage and the rate of germination Calicotome villosa and Genista spachianna, indicating that the water stress inhibits germination, which is in agreement with the germination behaviour of most species (Tobe et al., 2006; Gorai et al., 2009; Maraghni et al., 2010) . It can be concluded that seeds of Calicotome villosa and Genista spachiana have the ability to tolerate the salt stress after exposure to NaCl solutions and osmotic potential concentrations. Further investigations are necessary to understand the early establishment of this species under field conditions and to determine if there are differences between the seed germination stage and early seedling growth in response to salinity and drought stress.
CONCLUSIONS
Our work demonstrated a relationship between germination properties of seeds and abiotic constraints in Calicotome villosa and Genista spachiana. Genista spachiana is most tolerant to the salt stress in a concentration of 12 g/l. The germination rate of two Calicotome villosa provenances and Genista spachiana decreases with increasing concentrations of PEG. The water stress affects the germination rate and increases the time required for seed germination of two Calicotome villosa and Genista spachiana. Even at high concentrations of PEG, seeds of the two species germinated to 30% to 40%. Thus, the species tolerate drought and harsh climatic conditions of the environment. The Genista spachiana provenance from Rtiba is more tolerant to water deficit than the Calicotome villosa provenance, with the germination rate of 40% at the water potential of -1.6 MPa.
